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ABSTRACT 


Oceanographic  observations  were  made  on  three  cruises  to  Kane  Basin 
in  1968  and  1969.  Temperature,  salinity,  and  oxygen  characteristics  are 
described.  No  water  with  the  characteristics  of  Baffin  Bay  Deep  Water 
was  found  south  of  the  250  meter  sill  in  Kane  Basin,  indirectly  confirming 
the  possibility  of  a  pulsing  of  cold  dense  water  over  the  sill  into  Baffin  Bay. 
Volume  transports  through  the  southern  entrance  to  Kane  Basin  were 
calculated  and  compared  with  tide  and  wind  conditions  without  finding  any 
direct  correlation. 
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OCEANOGRAPHIC  OBSERVATIONS  IN  KANE  BASIN 

September  1968  aiul  July,  September  1969 
Martin  J.  Moynihan  ^ 


INTRODUCTION 

Kane  Basin  is  a  part  of  the  Nares  Strait 
system  of  basins  and  channels  separating  Elles- 
mere  Island  from  Greenland  and  connecting 
Baffin  Bay  with  the  Lincoln  Sea  and  the  Arctic 
Ocean  (fig.  1).  A  sill  at  250  meters  in  Kane 
Basin  restricts  the  transport  of  water  at  depths 
greater  than  250  meters  between  the  Arctic 
Ocean  and  Baffin  Bay  (fig.  2). 

The  Coast  Guard  Oceanographic  Unit  has 
conducted  several  surveys  in  the  Nares  Strait 
region  to  investigate  the  flow  of  Arctic  Water 
through  Kane  Basin.  The  results  of  the  1963 
and  1966  surveys  by  CGC  EVERGREEN  and 
CGC  EDISTO  have  been  reported  (Frances- 
chetti  et  al.,  1964  and  Palfrey  et  al.,  1968).  The 
results  of  the  1968  and  1969  surveys  (fig.  3)  in 


the  same  region  will  be  reported  here.  The  CGC 
EASTWIND  occupied  27  oceanographic  sta- 
tions in  a  preliminary  survey  of  Kane  Basin 
in  September  1968.  During  late  July  1969  the 
CGC  WESTWIND  occupied  a  section  between 
Cape  Herschel,  Ellesmere  Island  and  Cape 
Hatherton,  Greenland  three  times  in  rapid  suc- 
cession to  monitor  the  flow  between  Kane 
Basin  and  Smith  Sound.  In  September  1969 
the  CGC  SOUTHWIND  conducted  a  joint 
oceanographic  survey  of  Kane  Basin  with  the 
Naval  Oceanographic  Office  to  broaden  the 
knowledge  of  the  distribution  of  physical  and 
geological  parameters  of  the  Kane  Basin  re- 
gion. 


'  Coast    Guard    Oceanographic    Unit.    Building    159-E.    Washington 
Navy  Yard.   Washington,   D.C.   203HO. 


DATA  ACQUISITION 

Temperature  data  and  water  samples  were 
collected  by  Nansen  casts.  The  water  samples 
were  analyzed  on  board  with  inductive  salino- 
meters.  The  conductivity  values  obtained  were 
converted  to  salinity  by  use  of  the  Interna- 
tional Oceanographic  Tables  published  jointly 
by  UNESCO  and  the  National  Institute  of 
Oceanography  of  Great  Britain  (1966).  Dis- 
solved oxygen  concentrations  were  determined 
on  board  EASTWIND  and  SOUTHWIND  by 
the  modified  Winkler  Method  as  described  by 
Strickland  and  Parsons  ( 1968) . 

The  temperature  data  were  processed  at  the 
Coast  Guard  Oceanographic  Unit  following  the 
procedures  specified  in  the  U.S.  Naval  Ocean- 
ographic Office  Publication  No.  607  (1968). 
Paired  protected  thermometers  were  used  on 
each  bottle  and  unprotected  reversing  thermo- 
meters were  added  on  the  deeper  bottles.  Sam- 
pling depths  were  determined  from  L-Z  curves 


AND   PROCESSING 

based  on  thermometric  depths  and  wire  angle. 
All  calculations  were  performed  on  a  PDP-5 
digital  computer  utilizing  programs  described 
by  O'Hagan  (1964). 

Volume  transport  calculations  were  accom- 
plished by  the  solenoid  method  described  by 
Kollmeyer  (1967).  Due  to  the  negative  tem- 
peratures found  in  the  Kane  Basin  region, 
this  method  does  not  yield  a  realistic  heat  flow 
calculation.  Therefore,  the  heat  transport  for 
each  section  was  computed  by  the  following 
equation : 

Q,=Pn,VCpT„, 

where 

Qi  =  heat  transport  (cal./sec.) 
Pn.  =  mean  density  of  seawater 
Cp  =  specific  heat  of  seawater 
T„,  =  mean  temperatui'e 
V  =  volume  transport 


A  mean  density  of  1.03  gms./cm.'  (actual 
densities  ranged  from  1.026  gms./cm.'  to  1.028 
gms./cm.')  and  a  specific  heat  of  1  cal./gm./° 
C.  were  used  in  all  computations.  The  mean 
temperature  for  each  solenoid  was  referenced 
to  -1.8°  C.  for  the  heat  calculations.  (T,„  = 
T„„s  +  1.8°  C,  where  T,,,,.  is  the  observed  mean 
temperature) . 

The  data  presented  in  the  tables  of  Ocean- 
ographic  Data  (app.  A)  are  reproduced  from 
computer   listings   from   the   National   Ocean- 


ographic  Data  Center  (NODC  Cruise  Numbers 
31-1281,  31-1533,  and  31-1642).  Anomalies  of 
dynamic  height  in  the  listings  were  computed 
by  NODC,  but  all  discussion  of  dynamic 
heights  in  this  text  is  based  on  computations 
made  at  the  Coast  Guard  Oceanographic  Unit. 
Dynamic  heights  in  water  shallower  than  the 
reference  level  were  computed  in  a  manner 
similar  to  that  of  Helland-Hansen  (1934),  as 
described  in  detail  by  KoUmeyer   (1967). 


DISCUSSION 


The  bathymetry  and  geology  of  Kane  Basin 
were  described  by  Uchupi  (1964).  The  bottom 
topography  of  Kane  Basin  (fig.  2)  consists 
mainly  of  a  broad  sedimentary  shelf  with  two 
large  troughs  and  a  sill  at  250  meters  that  have 
a  controlling  affect  on  the  circulation.  A  west- 
ern trough  running  parallel  to  Ellesmere  Island 
is  the  main  passage  connecting  northern  Nares 
Strait  to  Smith  Sound.  The  eastern  trough  is 
deeper  but  extends  from  the  northern  end  of 
Humboldt  Glacier  southwestward  to  Smith 
Sound.  Kravitz  et  al.  (1970)  reported  that  the 
floor  of  Kane  Basin  is  extremely  hard  with  an 
average  Phleger  corer  penetration  of  only  121 
cm.  The  results  of  their  work  were  similar  to 
those  reported  by  Uchupi  (1964),  with  lime- 
stone being  the  most  ubiquitous  rock  type 
sampled  and  ice  rafting  being  the  main  agent 
of  transport  and  deposition  of  the  most  recent 
sediments  from  the  Humboldt  Glacier. 

An  important  role  of  the  circulation  in  Kane 
Basin  is  in  formation  of  Baffin  Bay  Deep 
Water.  Bailey  (1956)  noted  that  waters  at 
about  250  meters  depth  in  the  Arctic  Ocean 
have  similar  characteristics  (-0.3°  C,  34.4%o) 
to  deep  water  in  Baffin  Bay.  He  stated  that  this 
water  enters  Baffin  Bay  through  Kane  Basin 
and  Smith  Sound  either  as  a  slow  and  continu- 
ous process  or  as  a  surge  of  heavy  water  that 
sinks  to  the  bottom.  CoHin  (1965)  showed  by 
density  distribution  that  the  influx  of  high 
salinity  (>34.4%o)  Arctic  Ocean  Water 
through  Smith  Sound  is  not  a  continuous  proc- 
ess but  probably  takes  ]ilace  in  intermittent 
pulses.  This  pulsing  theory  was  further  sup- 
ported by  Palfrey  (1968)  who  showed  an  iso- 
pycnal  wave  in  northern  Kane  Basin  that  sug- 


gested an  upwelling  of  heavier  water  over  the 
sill,  but  he  did  not  actually  sample  any  of  the 
characteristic  type  water  in  southern  Kane 
Basin  or  Smith  Sound. 

Water  with  the  characteristics  of  Baffin  Bay 
Deep  Water  was  found  at  stations  1,  2,  3,  8, 
and  12  in  Kane  Basin  in  September  1969.  A 
comparison  of  this  water  with  a  station  occu- 
pied in  Baffin  Bay  during  August  1969  (fig.  4) 
shows  the  distinctive  T-S  characteristics 
(  -  0.3°  C,  34.4%n)  at  about  200  meters  in  Kane 
Basin  and  between  1,500  and  2,000  meters  in 
Baffin  Bay.  This  water  has  never  been  observed 
immediately  south  of  the  250  meter  sill  in  Kane 
Basin  nor  can  it  flow  through  Jones  Sound  and 
Lancaster  Sound  into  Baffin  Bay  due  to  limiting 
sill  depths  of  175  and  180  meters  respectively 
(Bailey,  1956).  This  leads  to  the  hypothesis  of 
its  formation  in  pulses. 

Cold  water  of  polar  origin  (<0°C., 
<33.5%o),  found  in  the  upper  200  meters  in 
Kane  Basin  (figs.  5-12,  15-22),  makes  up  the 
major  drift  southward  into  Baffin  Bay.  The 
surface  waters  are  of  low  salinity  (<33.0%o) 
particularly  on  the  eastern  side  near  Humboldt 
Glacier.  At  100  meters,  water  with  a  salinity 
maximum  of  33.5%n  followed  the  deeper  channel 
on  the  western  side.  The  coldest  water  (  —  1.7° 
C.)  was  found  near  the  surface  on  the  western 
side  of  Kane  Basin  along  the  coast  of  Ellesmere 
Island.  Water  colder  than  -1.5°  C.  was  found 
over  the  deepest  part  of  the  western  trough  to 
a  depth  of  about  75  meters  in  the  northern  part 
of  Kane  Basin  and  between  25  and  50  meters 
in  the  southern  part.  The  temperature  below 
150  meters  gradually  increased  with  depth  to 
the  bottom. 


Nearly  uniform  distributions  of  temperature 
and  salinity  were  found  through  the  center  of 
Kane  Basin  in  the  upper  150  meters.  Below  150 
meters  the  water  is  slightly  warmer  and  more 
saline  to  the  north  of  the  sill.  Patches  of  low 
temperature  and  salinity  water,  caused  by  local 
ice  conditions  and  the  admixture  of  fresh  melt- 
water  off  the  ice  were  found  at  the  surface 
(figs.  11,  12,  21,  and  22). 

The  dissolved  oxygen  concentration  in  Kane 
Basin  varied  from  super-saturated  values 
(>9.0  ml.  1.)  near  the  surface  to  about  80  per- 
cent saturated  (<7.0  ml. /I.)  below  100  meters 
(figs.  14,  24,  28,  32,  36,  and  40).  The  high 
oxygen  concentrations  and  low  salinities  of  the 
near  surface  waters  can  be  attributed  to  the 
melting  of  sea  ice  and  the  summer  runoff  from 
the  land.  Particularly  high  oxygen  concentra- 
tions of  10.24  and  10.38  ml.  1.  were  found  at 
CGC  SOUTHWIND  stations  4  and  9  respec- 
tively, which  were  located  near  the  Humboldt 
Glacier. 

The  circulation  of  water  in  Kane  Basin  can 
be  interpreted  from  vertical  sections  of  density 
(figs.  21,  23,  27,  31,  35,  and  39).  Southerly  flow 
of  arctic  water  is  concentrated  on  the  western 
side  over  the  channel  connecting  Kennedy 
Channel  to  Smith  Sound.  This  passage  contains 
the  major  flow  of  water  between  the  Arctic 
Ocean  and  Baffin  Bay.  A  general  counterclock- 
wise circulation  of  the  surface  waters  in  Kane 
Basin  is  indicated  by  the  slope  of  the  isopycnals 
in  the  longitudinal  sections  (figs.  13  and  23). 

The  volume  transport  through  Kane  Basin 
relative  to  350  decibars  was  calculated  for  the 
three  CGC  WESTWIND  occupations  of  a  sec- 
tion across  Smith  Sound  (fig.  3).  Each  occupa- 
tion consisted  of  6  stations,  and  the  section  was 
occupied  three  times  within  39  hours.  The  re- 
sults of  the  calculations  are  presented  in  table  1. 

TaBLK     1. — VOLUME    .^ND    HEAT    TRANSPORT    INTO    SMITH 
SOUND  FROM   KANE  HASIN 


Stations                           Date 

T„hs 
CO 

V 

(xlO«m.V 
sec.) 

Qt' 

(xlO"cal./ 
sec.) 

lto6 28-29  July  1969 

-0.90 

+  0.369 

-0.338 

7  to  12 29  July  1969 

-.85 

+  .234 

-.228 

13  to  18  —  30  July  1969 

-.85 

+  .658 

-.642 

Average 

-.87 

+  .420 

-.403 

'Referenced  to  —1.8°  C. 

Previous  attempts  to  calculate  the  exchange 
through  Kane  Basin   have  been   described   by 


Collin  (1963  and  1965).  The  earliest  estimate 
was  a  southward  flow  in  August  1928  of 
0.42  xlO''  m.-^/sec.  (Kiilerich,  1939;  as  cited  by 
Collin).  However,  Bailey  (1957)  found  a  north- 
ward volume  transport  of  0.42  xlO''  m.Vsec.  in 
August  1954.  Collin  (1965)  estimated  an  aver- 
age southward  transport  of  0.24  xlO''  m.^/sec. 
based  on  five  September  sections  from  1962, 
1963,  and  1964.  but  the  actual  transports  calcu- 
lated varied  between  0.16  and  0.33  xlO'=  m.Vsec. 

Several  factors  besides  the  uncertainties  of 
the  geostrophic  method  can  cause  these  large 
variations  in  transports.  Frictional  effects  of 
the  wind  and  the  bottom,  and  the  effect  of  the 
tidal  oscillations  on  the  current  through  Kane 
Basin  are  unknown.  Collin  (1965)  reported  that 
tidal  reversals  of  the  surface  currents  may  oc- 
cur in  Smith  Sound.  Day  (1968)  reported  that 
direct  current  measurements  near  78°27'N.  in 
Smith  Sound  in  1963  indicate  a  circulation 
dominated  by  semidiurnal  tides  with  a  net 
transport  to  the  south.  Muench  (1971)  reported 
that  current  measurements  from  a  fixed  ice 
camp  in  Kane  Basin  during  May  1969  indicate 
a  general  southward  flow  with  less  frequent 
flow  reversals  coinciding  with  the  diurnal  tidal 
currents. 

To  examine  the  tidal  effect  on  the  variation 
of  flow  through  Kane  Basin,  profiles  of  sea  sui'- 
face  dynamic  height  from  the  CGC  WEST- 
WIND  sections  (stations  1-18)  were  compared 
with  the  times  and  heights  of  high  and  low 
water  at  the  Port  Foulke  (78n8'N.,  72°45'W.) 
tide  station  (fig.  47).  The  Oceanographic  Atlas 
of  the  Polar  Seas,  Part  II  (U.S.  Naval  Hydro- 
graphic  Office,  1958)  shows  cotidal  lines  pro- 
gressing from  Baffin  Bay  northward  into  Kane 
Basin  indicating  a  northward  tidal  current  on 
the  flood  tide.  Southward  geostrophic  flow  on  the 
eastern  side  was  less  on  each  succeeding  section 
as  the  stations  were  occupied  progressively 
later  on  the  rising  tide  cycle,  suggesting  a  pos- 
sible decrease  in  flow  due  to  a  flood  tidal  cur- 
rent. Maximum  southerly  flow  occurred  be- 
tween stations  17  and  18  which  were  occupied 
during  the  latter  part  of  a  falling  tidal  cycle 
on  30  July.  However,  no  quantitative  relation- 
ship between  the  currents  and  the  tide  was 
evident. 

A  progressive  wind  vector  diagram  (fig.  48), 
drawn  from  the  surface  wind  observations  of 


CGC  WESTWIND  at  each  station,  was  ex- 
amined to  determine  the  effect  of  wind  on  the 
flow  through  Kane  Basin.  A  relatively  steady 
wind  (mean  12.3  kts.  from  188°  T.)  with 
velocities  varying  from  0  to  20  knots  was  indi- 
cated. This  would  induce  a  surface  current 
transport  to  the  northeast  and  could  result  in 
a  reduced  southerly  transport  or  reversal  of 


net  flow  depending  on  the  fetch  and  duration 
of  the  winds.  However,  the  observed  geostrophic 
transport  of  the  water  remained  southerly 
throughout  the  period  of  observations.  Detailed 
studies  with  moored  current  meters,  wind  re- 
corders, and  tide  gages  would  be  required  to 
develop  the  relationship  between  the  transports, 
tides,  and  winds  in  this  region. 
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Figure  1.  Geographical  Locations  in  the  Kane  Basin-Baffin  Bay  region. 
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Figure  2.  Bottom  topography  of  Kane  Basin   (Uchupi,  1964). 
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Figure  3.  Positions  of  Coast  Guard  oceanographic  stations  in  Kane  Basin  during  1968  and  1969. 
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Figure  5.  Horizontal  profile  of  temperature  (°  C.)  on  the  10  meter  surface. 
CGC  EASTWIND  survey  8-24  September  1968. 
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Figure  6.  Horizontal  profile  of  salinity  (%o)  on  the  10  meter  surface. 
CGC  EASTWIND  survey  8-24  September  1968. 
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Figure  7.  Horizontal  profile  of  temperature  (°  C.)  on  the  50  meter  surface. 
CGC  EASTWIND  survey  8-24  September  1968. 
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Figure  8.  Horizontal  profile  of  salinity  (%n)  on  the  50  meter  surface. 
CGC  EASTWIND  survey  8-24  September  1968. 
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Figure  9.  Horizontal  profile  of  temperature  (°  C.)  on  the  100  meter  surface. 
CGC  EASTWIND  survey  8-24  September  1968. 
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Figure  10.  Horizontal  profile  of  salinity  (%o)  on  the  100  meter  surface. 
CGC  EASTWIND  survey  8-24  September  1968. 
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Figure  11.  Vertical  profile  of  temperature  (°  C.)  on  a  longitudinal  section  through  Kane  Basin. 
CGC  EASTWIND  survey  8-24  September  1968. 
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Figure  12.  Vertical  profile  of  salinity  (%o)  on  a  longitudinal  section  through  Kane  Basin. 
CGC  EASTWIND  survey  8-24  September  1968. 
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Figure  13.  Vertical  profile  of  density  (<n)  on  a  longitudinal  section  through  Kane  Basin. 
CGC  EASTWIND  survey  8-24  September  1968. 
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Figure  14.  Vertical  profile  of  dissolved  oxygen   (ml./l.)   on  a  longitudinal  section  through  Kane  Basin. 

CGC  EASTWIND  survey  8-24  September  1968. 
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Figure  15.  Horizontal  profile  of  temperature  (°  C.)  on  the  10  meter  surface. 
CGC  SOUTHWIND  survey  6-12  September  1969. 
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Figure  16.  Horizontal  profile  of  salinity  (%o)  on  the  10  meter  surface. 
CGC  SOUTHWIND  survey  6-12  September  1969. 
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Figure  17.  Horizontal  profile  of  temperature  (°  C.)  on  the  50  meter  surface. 
CGC  SOUTHWIND  survey  6-12  September  1969. 
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Figure  18.  Horizontal  profile  of  salinity  (96o)  on  the  50  meter  surface. 
CGC  SOUTHWIND  survey  6-12  September  1969. 
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Figure  19.  Horizontal  profile  of  temperature  (°  C.)  on  the  100  meter  surface. 
CGC  SOUTHWIND  survey  6-12  September  1969. 
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Figure  20.  Horizontal  profile  of  salinity  (%o)  on  the  100  meter  surface. 
CGC  SOUTHWIND  survey  6-12  September  1969. 
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Figure  21.  Vertical  profile  of  temperature  (°  C.)  on  a  longitudinal  section  through  Kane  Basin. 
CGC  SOUTHWIND  survey  6-12  September  1969. 
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Figure  22.  Vertical  profile  of  salinity  (%())  on  a  longitudinal  section  through  Kane  Basin. 
CGC  SOUTHWIND  survey  6-12  September  1969. 
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Figure  23.  Vertical  profile  of  density  (at)  on  a  long^itudinal  section  through  Kane  Basin. 
CGC  SOUTHWIND  survey  6-12  September  1969. 
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PiGURf:  24.  Vertical  profile  of  dissolved  oxygen   (ml. /I.)  on  a  longitudinal  section  through  Kane  Basin. 
CGC  SOUTHWIND  survey  6-12  September  1969. 
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Figure  25.  Vertical  profile  of  temperature 
(°  C).  CGC  SOUTHWIND  stations  1 
through  3,  r.-9   September  1969. 
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Figure  26.  Vertical  profile  of  salinity  (%o)- 
CGC  SOUTHWIND  stations  1  through 
3,  6-9  September  1969. 
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Figure  27.  Vertical  profile  of  density  (m). 
CGC  SOUTHWIND  stations  1  through  3, 
6-9  September  1969. 
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Figure  28.  Vertical  profile  of  dissolved  oxy- 
gen (ml./l.).  CGC  SOUTHWIND  stations 
1  through  3,  6-9  September  1969. 
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Figure  29.  Vertical  profile  of  temperature  (°  C).  CGC  SOUTHWIND  stations  4  through  8,  8-9  September  1969. 


STATION  NUMBER 
6 


100      - 


S 

X  200 


300 


400 


Figure  30.  Vertical  profile  of  salinity  (%o).  CGC  SOUTHWIND  stations  4  through  8,  8-9  September  1969. 
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Figure  31.  Vertical  profile  of  density  (at).  CGC  SOUTHWIND  stations  4  through  8,  8-9  September  1969. 
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Figure  32.  Vertical  profile  of  dissolved  oxygen  (ml./l.).  CGC  SOUTHWIND  stations 
4  through  8,  8-9  September  1969. 
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Figure  33.  Vertical  profile  of  temperature  (°  C.)-  CGC  SOUTHWIND  stations 
9  through  15,  10-11  September  1969. 
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Figure  34.  Vertical  profile  of  salinity  (%o).  CGC  SOUTHWIND  stations 
9  through  15,  10-11  September  1969. 
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Figure  35.  Vertical  profile  of  density  (m).  CGC  SOUTHWIND  stations 
9  through  15,  10-11  September  1969. 
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Figure  36.  Vertical  profile  of  dissolved  o.xygen  (ml./l.).  CGC  SOUTHWIND  stations 
9  through  15,  10-11  September  1969. 


29 


STATION  NUMBER 
17 


STATION  NUMBER 


100  - 


300 


400 


• 
• 

* 

^-\.5 — "^           • 

•  .^^ 

___^«-^ 

• 

• 

• 
• 

• 

* 

-10 

• 

~^ 

• 
• 

m 

— 

• 

5- 

• 

/  ' 

• 

• 

/ 

1 

• 

1 

/o                                 10 

1             ,             1 

NAUTICAL  MILES 

1 

Figure  37.  Vertical  profile  of  temperature  (°  C.)- 
CGC  SOUTHWIND  stations  16  through  18,  12 
September  1969. 


Figure  38.  Vertical  profile  of  salinity  (%o)  CGC 
SOUTHWIND  station  16  through  18,  12  Sep- 
tember 1969. 
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Figure  39.  Vertical  profile  of  density  (ax).  CGC 
SOUTHWIND  stations  16  through  18,  12  Sep- 
tember 1969. 


Figure  40.  Vertical  profile  of  dissolved  oxygen 
(ml./l.).  CGC  SOUTHWIND  stations  16 
through  18,  12  September  1969. 
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Figure  41.  Vertical  profile  of  temperature  (°  C.)-  CGC  WESTWIND  stations  1  through  6,  28-29  July  1969. 
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Figure  42.  Vertical  profile  of  salinity  (9n()).  CGC  WESTWIND  stations  1  through  6,  28-29  July  1969. 
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Figure  43.  Vertical  profile  of  temperature  (°  C).  CGC  WESTWIND  stations  7  through  12,  29  July  1969. 
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Figure  44.  Vertical  profile  of  salinity    (%„).  CGC  WESTWIND  stations  7  through  12,  29  July  1969. 


34 


WEST 


100 


200 


ir 

UJ 


UJ 

o 


300 


400    — 


500    — 


STATION       NUMBER 
16  15 


EAST 


600 

Figure  45.  Vertical  profile  of  temperature  (°  C).  CGC  WESTWIND  stations  13  through  18,  30  July  1969. 
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Figure  46.  Vertical  profile  of  salinity  ("/oo) .  CGC  WESTWIND  stations  13  through  18,  30  July  1969. 
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Figure  48.  Progressive  vector  diagram  of  surface  wind  velocity  at  CGC  WESTWIND 
stations  1  through  18,  28-30  July  1969. 
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APPENDIX  A 
OCEANOGRAPHIC  DATA 


CRUISES  LISTED 

Table  Page 

I.— CGC  EASTWIND,  September  1968 41 

II.— CGC  WESTWIND,  July  1969 53 

III.— CGC  SOUTHWIND,  September  1969 62 

CODES  UTILIZED 

A  complete  description  of  the  codes  utilized  in  the  tabulation  of  oceanographic  station  data  can  be  found  in 
National  Oceanographic  Data  Center  publication  M-2,  Processing  Physical  and  Chemical  Data  from  Oceanographic 
Stations.  (Rev.  August  1964,  supplement  issued  May  1966.) 

To  facilitate  use  of  the  oceanographic  station  data  listing,  entry  headings  which  are  not  self-explanatory  are 
described  below. 

Depth  to  Bottom Corrected  or  uncorrected  sounding  in  meters. 

Max.  Depth  of  Samples Depth  of  deepest  sample  to  nearest  multiple  of  one  hundred  meters. 

Wave  observations: 

DIR.   Rounded  to  nearest  multiple  of  10  degrees. 

HGT.    Increments  of   %  m.  Sum  of  5  meters  plus  increments  of   Vz   m  if  50  is  added  to 

direction. 

PER.    If  numerals  2  through  9  are  entered,  period  in  seconds  is  twice  the  numeric  entry  or 

2X  (numeric  entry)   +1.  For  other  entries  see  WMO  Code  3155. 

SEA   Sea  state  according  to  WMO  Code  3700 

Weather  Code If  preceded   by   X,   weather  according  to   WMO   Code   4501.   If   a   two-digit   entry, 

weather  according  to  WMO  Code  4677. 
Cloud  Code: 

Type Cloud  type  according  to  WMO  Code  0500. 

Amount   Cloud  amount  in  eighths.  Entry  of  the  numeral  9  indicates  cloud  amount  could  not 

be  estimated. 
Water: 

Color  Code Color  according  to  Forel-Ule  scale. 

Trans.    Transparency  in  whole  meters  as  determined  by  Secchi  disc. 

Wind: 

Dir. Rounded  to  nearest  multiple  of  10  degrees. 

Speed  or  Force If  preceded  by  letter  S,  wind  speed  in  knots;   if  preceded  by  letter  F,  wind  force 

according  to  Beaufort  scale. 

Barometer Barometric  pressure  given  in  tens,  units,  and  tenths  of  millibars. 

Air  Temp.  °  C. Air  temperature  to  tenths  of  a  degree  Celsius. 

Vis.  Code Visibility  according  to  WMO  Code  4300. 

No.  obs.  depths Number  of  observed  levels  associated  with  the  station. 

Messenger  time Entered  in  hours  and  tenths  of  an  hour  GMT.  For  Nansen  casts,  indicates  time  of 

release  of  messenger  applicable  to  the  observational  level. 

Card  type OBS  designates  observed  levels.  STD  indicates  the  values  at  this  standard  level  were 

interpolated  by  a  modified  3-point  LaGrange  formula. 
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Depth  (m.  thermo-  Depth  to  nearest  meter.  A  postscript  T  indicates  depth  was  obtained  thermometri- 

metrically)    cally;  Z  indicates  uncorrected  "wire  out"  depth.  Postscript  Q  indicates  values  was 

marl^ed  doubtful  by  originator;  P  indicates  value  was  considered  doubtful  by 
NODC.  Postscripts  P  and  Q  retain  this  meaning  throughout  the  following  entries. 

T  °  C. Temperature  to  hundredths  of  a  degree  celsius. 

S  %o Salinity  in  parts-per-thousand. 

SIGMA-T   Entered  to  hundredths. 

Specific-volume Multiply  entry  by  10-'  to  obtain  specific-volume  anomaly  in  cubic  centimeters  per 

gram. 

2:aD  Dyn.  MX  10^ Multiply  entry  by  lO--'  to  obtain  anomaly  of  dynamic  depth  in  dynamic  meters  refer- 
enced to  the  sea  surface. 

Sound  Velocity Sound  velocity  according  to  Wilson's  formula  entered  to  tenths  of  a  meter  per  second. 

0-2  ml. /I.   Dissolved  oxygen  in  milliliters  per  liter  entered  to  hundredths. 

PO4-P  /ig-at/1. Inorganic  phosphate  in  microgram-atoms  per  liter  entered  to  hundredths. 

Total-P  ^g-at/1. Total  phosphorous  in  microgram-atoms  per  liter  entered  to  hundredths. 

NO2-N   /ig-at/1.   Nitrite-nitrogen  in  microgram-atoms  per  liter  entered  to  hundredths. 

NO3-N   |Ug-at/l.   Nitrate-nitrogen  in  microgram-atoms  per  liter  entered  to  tenths. 

Si04-Si  fig-at/l. Silicate-silicon  in  microgram-atoms  per  liter  entered  to  whole  units. 

pH    Entered  to  hundredths. 
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Table  I. — Observed  and  interpolated  oceanographic  data  from  stations  occupied  by  USCGC  EASTWIND, 
8-24  September  1968,  prepared  from  NODC  Listing  No.  31-1281. 
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Table  II. — Observed  and  interpolated  oceanographic  data  from  stations  occupied  by  USCGC  WESTWIND, 
28-30  July  1969,  prepared  from  NODC  Listing  No.  31-1642. 
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Table  III. — Observed  and  interpolated  oceanographic  data  from  stations  occupied  by  USCGC  SOUTHWIND, 
6-12  September  19(59,  prepared  from  NODC  Listing  No.  31-1533. 
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i'MEASUlEO  SOUND 

'       VEIOCITY    m    ■(( 

HUM 

CAS1 
>•  NO 

«3.   -f 

TQTAl-l 

NO,-N 

NO,   -N 
I^M/I 

i.b.-s, 

." 

STD 

0000 

-0135 

2  846 

2290 

0049719 

0000 

14339 

989 

033 

OBS 

0000 

-0135       28465      2290 

14339       989 

STO 

0010 

-0155       3077         2476 

0031903 

0040       14363       930 

033 

OBS 

0010 

-0155       30769      2476 

14363       930 

STD 

0020 

-0156       3094          2490 

0030594 

0072       14367       919 

033 

OBS 

0026 

-0157       31074       2501 

14369       910 

STD 

0030 

-0153        3121          2512 

0028515 

0101       14374       895 

STD 

0050 

-0139        3190          25b7 

0023232 

0153       14393       346 

033 

OBS 

0051 

-0139       31931       2570 

14394       845 

STO 

0075 

-0133       3282         2642 

QOlbllO 

0202       14411       844 

033 

OBS 

0077 

-0137       32880       2647 

14412       844 

STD 

0100 

-0117       3340          2688 

0011719 

0237       14433       791 

033 

OBS 

0102 

-0115       33440       2692 

14435       787 

STD 

0125 

-0083       3388          2726 

0008108 

0262       14457       745 

STO 

0150 

-0066       3421          2752 

0005O9J 

0279       14476       714 

033 

OBS 

T0154 

-0063       34248       2755 

14479       710 

STD 

02  00 

-0043       3436          2763 

0004629 

0305       14497       695 

03 

3 

08 

S 

T020 

3 

-0 

043 

3^ 

7C 

) 

2 

76 

4 

14 

4 

93 

694 
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MKHI    »   M 

SHIP 

coot 

/lO 

a 

8 

i 

MAlSDfN 

STATION 

TIME 

oiiciNAToa  % 

DtnM 

Ul 

WAVE 

Wf*TM( 

COW 

•|NST« 

NOOC 

(tntn 

WUIM 
NUMMI 

1    10 

iOUAtt 

(CMI| 

V(*R 

CtUI» 
NUMWt 

STAION 

NUMMt 

lO 

•onoM 

ClOUD 

STATION 
NUMIEI 

lO" 

1- 

MONTH     0«f 

H*  t'lO 

DM 

*CI  Pll 

lUUI 

TIW     AMI 

31 

IS^^ 

IS 

7845 

N 

07101     H 

1  :• 

260 

81 

09    12 

009 

1969 

KBS     316 

0151 

00 

0    X 

XI 

5   2 

0016 

iitiiiMxuit  onimi  unii  ii 
a  iMt  una 

ni  «i 

•DT  i^". 

WIND 

toiOHfrfN 

«>■    lIHTfttlUM     "C 

VIS 

NUUM* 

OOlllVAtlOMt 

*  Mil    *MI  VUM  n»lin   IM  IIU>M 

DM 

irtfo 

ro*ci 

Dir  lull 

wir 

lui* 

MwtHi  umt  V  iitiiiw  n 

w«rii 
coio« 

r«ANi 

1*1 

'°"  ,m,. 

03 

512 

104 

-042 

-053 

7 

DUO 

MIUM 

IW 

c*to 

OfMM  (ml 

1  "c 

t  ■ 

IIOMA-T 

1MC»(C   VOIOMI 
ANOdWlT  -I    lO' 

SAD 

DTN     M 

<    10' 

CO«»UTIO 

lOUNO 

viiocm 
•    uc 

O,  -1    1 

AMitINt 

LIGHl, 

;-Mt*iuMo  loyNO 

'      VIlOClTV    o/iK 

1  .or  NO 

^«/l 

IQI*l  -  » 

NO,    -  N 

NO,    -N 

waoi/i 

rH 

1 

STD 

0000 

-0152 

3212 

2586 

0021527 

0000 

14382  1    935 

009 

OBS            0000 
STD          0010 

-0152       32119      2586 

-0133        3246          2613          0018928 

14382       935 
0020       14397       841 

009 

OBS             0010 
STD         0020 

-0133       32462       2613 

-0139       3269         2632         0017119 

14397       841 
0038       14399       802 

009 

OBS            0026 
STD          0030 
STD          0050 

-0139        32821       2642 

-0133        3290          2649          0015519 

-0111        3324          2675          0012978 

14402       785 
0054       14407       781 
0083       14425       759 

109 

OBS             0051 
STO          0075 

-0110       33255       2676 

-0095        3348          2694          0011187 

14426       758 
0113       14440       724 

009 

OBS             0077 
STO          0100 

-0094       33495       2695 

-0087        3361          2705          0010194 

14441       722 
0140       14450       708 

009 

OBS             0102 
STD          0125 

-0086       33624       2705 

-0076       3377          2717          0009041 

14451       707 
0164       14462       693 

009 

OBS 

T0128 

-0074 

3  3  738 

^^l^ 

14463 

691 

•CM  HI    l>   M 

LATITUDE 

1/10 

LONGITUDE 

110 

= 
s 

8 
3 

• 

MA«SOEN 

STATIO 

N        TIME 
«T| 

OIlCINAIOt  S 

DEETM 

■U 

OB 

WAVE 

WtATHH 

'  INSTR 

NODC 

(flwrn 

ClUlSf 

coot 

SOUAIE 

IC 

VEA> 

CtuiSI 

NUMMI 

STAIION 

NUMAEi 

lO 
•onOM 

ESVAT10NS 

CLOUD 

STATION 
NUMIfR 

10* 

r 

MONTH 

DU 

iCl  ni     U«  MI 

iy«    AMI 

311533 

IS 

78 

444 

KWIM 

N 

072  00    M 

•  It 

260 

11  «i 

82 

09 

12    028 

1969 

KBS 

017 

0382 

00 

OX             1  XI 

5    6 

0017 

iiKTtMiiuit  ommi  uiiti  u 
■  TMi  imu 

•DT 

WAtll 

COlC* 

•S"o 

TtAN& 

1*1 

WIND 

lA(0«fTEI 
(*bi| 

All    lt«PtlAlU»[      •( 

«is 
:oDe 

HUMWR 

OAi 
lEvElS 

S«CI*l 
OtSEIVATIONS 

oil 

snto 

fOtci 

Dl>    lull 

WET   lull 

04 

S07 

079 

-053 

-056 

7 

MllMt 

ton 

c*»0 
Tm 

Ot«n  imi 

T  'C 

S(G«*-I 

S«C*IC   •OiUAK 

*NOI«lt   -I     10' 

iA6 

DTN     M 
R    10' 

COMEuTEO 

tOONO 

vElOCiTT 
*,    SEC 

O,   •>>    1 

■AMIIINI    llGMt, 

i-MEASUIIO   lOONOi 

H  MM 

CAlt 

NO 

»o.  -r 

IQIAI   -f        NO,    -N         NO)    -N 

>«llt  1 

PH 

STD 

0000 

-0159 

3146 

2532 

0026595 

0000       14369 

925 

028 

OBS 

00  00 

-0159       31459 

2532 

14369       925 

STD 

0010 

-0157       3147 

2533 

0026522 

0026       14372       934 

028 

OBS 

0011 

-0157       31488 

2535 

14372       935 

STD 

0020 

-0154       3197 

2574 

0022632 

0051       14382       857 

028 

OBS 

0026 

-0151        32232 

2595 

14388       819 

STD 

00  30 

-0147       3230 

2O00 

0020134 

U072        14392       811 

STO 

0'J50 

-0130       3272 

2634 

J01t,9l6 

0109       14409       777 

028 

OBS 

0052 

-0129       32771 

2638 

14411       774 

STD 

0075 

-0119        3349 

2695 

0011056 

0144       14429       753 

028 

OBS 

0077 

-0118       33534 

2699 

14431       751 

STO 

0100 

-0106        3339 

2  72  7 

0008032 

OltjS       14445       717 

028 

UBS 

0102 

-0105       33-109 

2729 

14446       714 

STD 

Ul2  5 

-0088        3397 

2733 

0007468 

0187       14459       692 

STD 

0150 

-0074        1402 

273  7 

0007086 

0206       14470       678 

028 

OBS 

T0154 

-0072        34033 

.738 

14472       676 

STD 

02  00 

-0060       3412 

2745 

0006392 

0239       14480       676 

028 

OBS 

02  03 

-0059        34i25 

2745 

14437       676 

STO 

0250 

-0049       3418 

2749 

0005998 

0270       14500       665 

028 

UBS 

T0252 

-00'.9       34130 

274-^ 

14501       665 

STU 

ji  00 

-0047       3425 

2754 

0005439 

0299       14510       666 

023 

03  S 

03  03 

-0047       34255 

2755 

14511       666 

02 

8 

Ob 

S 

035 

2 

-0 

03-5 
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MM  Ml    1*   M 

■ 

lONCPTUOE 
1    10 

il 

MAlWtN 

STATION 

TiMt 

OltOIMATOt  I 

OllfH 

■u 

WAV! 

•  IN»t» 

NOOC 

(owni 

ciuist 

NUMUI 

CO0€ 

1    10 

IQUAtI 

(Own 

TtAl 

ClUtH 
NUMWt 

STA1K3N 

NUMU* 

lonoM 

tMM/ 

0«St*VAllONt 

COM 

ClOUD 

SUTIOH 
NUME* 

10" 

1* 

MONTH 

0*r 

H...,ft 

Dll 

iOI  HI     lu  Ull 

TtW    «mT 

31 

1533 

IS 

78*39N 

07258    W 

260 

82 

09 

12 

oaa 

1969 

KBS 

018 

0263 

00 

0    X 

X2 

5    8 

0018 

«lu(n»  uiiii  111'  iKii  «■ 

•DT 

Vn 

WIND 

All    I(M.t**TU«E     *C 

VIS 
cool 

MUMUI 
OIS 

SWCUl 

OIJIIVAI.ON1 

HWNt  unii  II  •imim  •■••i  'm>  imt 

eoto« 

iruNS 
I"! 

oil 

1M(0 
Ol 

,».., 

DIT    iULI 

w(t  lull 

00 

SOD 

040 

-071 

-076 

7 

MlUK 

OIMH  (ml 

T-C 

s   ■    .. 

llOM*-t 

tncwK  votUMt 

ANOMAir  -  I     lO' 

IAD 

COMIUTID 
lOUNO 

wnocm 

O,   .1    . 

■AMilfN.   IICMT. 

lM"/cin'         ' 

:-MlASuttD    JOUND 

'    vMOCirr  *,.... 

Hni 

CAlT 

-   NO 

■ 

10' 

00 

-i*/i 

NO,-N 
yf,  1 

MO,   -N 

-•-/I 

I.b.-l. 

1" 

1 

STD 

0000 

-0167 

3106 

2500 

0029671 

00 

14360 

920 

088     '        'QBS 

0000          -0167       31058       2500 

14360       920 

0010          -0169       3103          249B 

0029851 

0029       14360       907 

0011          -0169       31031       2*98 

14360       904 

STD 

0020          -0157        3123          251^. 

0028335 

0058       14370       855 

088              OrtS 

0027          -0150       31'.17       2529 

14377       824 

STD 

0030         -OltS       SIS'.         253S 

0025577 

0086       14380       815 

STD 

005J         -01',4       322'.         2595 

0020561 

0132       14395       766 

088              ORS 

0052          -01'.".       32302       2600 

14397       762 

STO 

0075         -Ol'.l       3237         26'.6 

0015748 

0177       14410       742 

oas            DBS 

007i          -0138       32930       2651 

14413       738 

STU 

0100          -0096       3332          2682 

0012366 

0213       14442       698 

088              OBS 

OIC         -0091       33382       2636 

14446       693 

STD 

0125          -0039        335'.          2699 

0010741 

0242       14452       684 

STD 

0150         -0082       3371          2712 

0009443 

0267       14462       677 

088               OBS 

T0155          -0080       337<t3       2715 

14464       676 

STU 

0200         -0053       3'.01         2736 

0007242 

0308       14488       674 

088              OBS 

0204          -0052       34029       2737 

14489       674 

STD 

0250          -0046       3413          2744 

0006396 

0343       14501 

089 

OBS 

02  51 

-0046 

in 

127 

274*t 

14501 

KW  Ml   n  M 

SHIP 

CODE 

LATITUDE 

■     l/IO 

LONGITUDE 

l/IO 

3| 

MAlSOfM 

STATION        T 

ME 

flAi 

OIICINAtOI  1 

o 

Hn 

■u 

WAVt 

«V 

WUTHI 

coot 

■|NSt» 

"cTouo 

NOOC 

(swm 

ClOlSi 

NUMMI 

SOUAIE 

(CMTl 

CIUISI 
NWlMt 

StATlON 
NUMIII 

10 

»onoM 

/1ll» 

NUMUR 

10' 

1  '         MONTH 

OA.       Hll/io 

M 

loi  nt    iu 

TtN    ami 

31 

1533 

IS 

7£ 

13 

lU^    ■! 

N 

07449    ti 

260 

84    09 

12    231 

1969 

KBS 

019 

0620 

00 

0    X 

XI 

5    3 

0019 

fiiniMK.ii 

If  1MT  imi 

oninfi  iiiiii  1111  {iiii  II) 

*DT 

•S"o 

WIND            J 

III 

All    llAIIIIAtU 

1  'c 

IMI 

NUMMI 
OU 
Itvlll 

sncMi 

OtlMVATtONS 

M 

into     i*""'« 

01              Colt 
KilCI 

Oil  lull 

Wll 

MWMl  BUUI  H  .111 

WATER 
COiO« 

tiAMS 

l»l 

03 

SIO       035 

-050 

-061 

7 

OH 

CAIO 

nn 

DI.TM   In.) 

I  'C 

1     ■ 

ilOAUl-I 

l»IC«K   vO<U«tf 

ANOAIAl.  -1     to' 

a  AC 

OTN     M 
1     10' 

eoM^jTfo 

lOUNO 
vdOClTt 
■-/  MC 

O,   -l/l 

■AAUIfHT   IIOMI,                                                                          .'MtAiyttO   iOUNO 

l«-/.n,'           •                                                                                      '       WIlOCITV    m/,« 

CASI 
-   NO 

-fl-C/l 

lOTAl-^ 
.«OI/l 

NO,    -N         NO,    -N 

,H 

STO 

0000 

-0166 

3113 

2506 

0029109 

0000 

14361 

894 

231 

OBS 

0000          -0166       31131 

2506 

14361       894 

231 

OBS 

0003          -0166        31146 

2507 

14363       932 

STD 

0010          -0165       3117 

2509 

0028798 

0029       14364       931 

STO 

0020          -0165       3130 

2519 

0027799 

0057       14368       926 

231 

OBS 

0020          -0163        31299 

2519 

14368       926 

STD 

0030          -0163       3142 

2  52  9 

0026846 

0084       14372       918 

231 

OBS 

0040         -0161       31534 

2543 

14377       904 

STD 

0050          -0160       3187 

2566 

0023374 

0134       14383       872 

STD 

0075          -0145        3252 

2oia 

0018396 

0187       14403       804 

231 

DBS 

0080          -0140        32638 

2627 

14408       792 

STD 

0100          -0105       3311 

2664 

0014007 

0227       14434       752 

231 

OBS 

0121          -0070       3345  8 

2692 

1445o       724 

STD 

0125          -0076       334i 

2694 

0011169 

0259       14458       722 

STD 

0150          -0074       3366 

2708 

0009834 

0285       14465       713 

231 

OSS 

r016l          -00540    33729 

27140 

709 

SID 

0200          -0071        3386 

2724 

0008254 

0330       14478       692 

231 

OBS 

0246          -0068       34001 

2735 

14488       631 

STO 

02  50          -0067       3401 

2736 

0007172 

0369       14490       681 

STO 

0300         -0058       3413 

2745 

OL'06  301 

0402       14504       584 

231 

OBS 

0332         -0052       34138 

2750 

14513       685 

STO 

0400          -OO'.l        3427 

275o 

0006315 

0461       14530       683 

23 

1 

OB 

S 

T042< 

-0 

037 

34 

^ 

82 

2 

757 

14 

5 

36 
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